ABSTRACT In this article we discuss how apparently indicators that may appear straightforward, such as gender differences, need to be interpreted with extreme care. In particular, we consider how the assessment framework, and the methodology of international surveys, may have a potential impact on the results and on the indicators. Through analysis of Programme for International Student Assessment (PISA) data we show how increases or decreases in the achievement of some groups of students (either of whole countries or population subgroups like males and females) can, at least partially, result from variations in the framework or the methodology of the respective assessments. The analyses provide evidence that the gender gap is larger for open-ended questions, for continuous texts and for more cognitively demanding reading tasks.
Introduction
It is current practice to build efficiency and equity indicators of education systems based on national or international surveys. International agencies like the Organisation for Economic Cooperation and Development (OECD), the European Union (EU) or the International Association for the Evaluation of Student Achievement (IEA) regularly release updated sets of indicators, for instance, Education at a Glance (OECD, 2007) and Key Data on Education in the European Union (European Commission et al, 2005) . Among equity indicators, differences of achievement in various domains (but mainly reading, mathematics and science) between males and females are displayed in each set of indicators. Computing those indicators does not raise technical problems and there is relative consensus among modern democratic societies that the gender achievement gap should be reduced. Until recently, the major concern was to improve females' achievement in scientific domains; currently, there is a growing concern about males' underachievement in reading literacy.
The release of such indicators largely informs discussion in the public audience and is critical for the monitoring of educational systems. Those sets of indicators undoubtedly provide useful information for decision makers. However, the information they provide is condensed, often weakly contextualised and the product (the indicator) could unduly be attributed an absolute value, though its scope is in fact limited: on the one hand, to the study it is based upon; on the other hand, to the technical processes that led to its construction. Even among experts and a fortiori among policy makers and public audience, there is a serious risk of over-interpreting indicators.
There is a growing interest in trends indicators, and international surveys in education are thus conducted on a regular basis. Educators or policy makers might be eager to compare the results between successive assessments and to interpret the differences in terms of evolutionincrease or decrease. For instance, the Programme for International Student Assessment (PISA) 2003 international report (OECD, 2004) presents in a figure the gender difference on the combined reading literacy scale for the 2000 and 2003 assessments. One might also compare the gender differences between the IEA Reading Literacy Study (IEARLS) and the PISA 2000 study.
Objectives of the Study
The aim of the present study is to explore the impact of some of the test characteristics, especially the question format, the reading process and the type of text, on gender equity indicators in reading literacy comparative assessments. The starting point for this research is the inconsistencies in the gender equity indicators between the 1991 IEARLS and the PISA 2000 study. In 1991, the gender gap in IEA reading comprehension among 14 year-olds was rather limited (7 score points on average on a scale with an international standard deviation of 100) and statistically non-significant in many countries (Elley, 1994) . About 10 years later (PISA 2000) , the gender gap is very much larger (32 score points on a comparable scale) (OECD, 2001) . To what extent is this apparent increase in the achievement gap between males and females 'true' and to what extent does it reflect the technical parameters of both studies?
While assessing the same domain or the same latent variables in psychometric terms (reading literacy), the two studies certainly differ on several crucial aspects, among others definition of the population, types of stimulus, balance of different question formats, reading processes assessed and so on. Among those numerous potentially influential factors that might affect the gender equity indicator, this article focuses on some crucial parameters of the assessment framework, in particular on the question format, the reading process and the type of text.
Data from the Reading Literacy Study led by the IEA in 1991 (Elley, 1994) and from PISA, led by the OECD in 2000 (OECD, 1999 (OECD, , 2001 Adams & Wu, 2002) will be used. Most of the statistical analyses will be based on the PISA data; however, the descriptive elements needed for comparisons between the two studies are provided below.
Comparison of the IEA Reading Literacy Study and the PISA 2000 Study
The IEA Reading Literacy Study was conducted in 1991 in 31 educational systems and aimed at assessing reading comprehension in the two grades attended by most 9 and 14 year-olds. For the present study, only data from the population of 14 year-olds will be used. The 14-year-olds' test comprised 89 items all included in a single booklet administered to all sampled students.
The PISA 2000 study was implemented in 32 countries and assesses reading literacy amongst 15 year-olds. The reading assessment has 129 different items, rotated in 9 different booklets (for details about the test design, see Adams & Wu, 2002) . In this study, the results of Liechtenstein will not be included, as the sample size was only about 350 students.
The main aspects of the two studies are presented side by side and summarised in Table I .
Population Definition
The IEARLS and the OECD PISA 2000 study differ in their target population. Students in PISA 2000 are somewhat older, but the grade population versus the age population constitutes the main difference. This has no or little consequences for education systems with no or low grade repetition rates, but it makes a difference for education systems with high rates of grade repetition. In PISA, grade repeaters will attend a lower grade and the grade attended has a major impact on achievement (Kirsch et al, 2003) . Furthermore, Monseur & Lafontaine (2006) have shown that the choice of the population definition has a limited but significant impact on the width of the gender gap, as boys more often repeat a grade than girls. For instance, in the French-speaking community of Belgium, more than 60% of the females are in the expected grade, i.e. 10th Grade in this example, but less than 50% of the males are attending the expected grade. Due to the dependency between gender and grade retention, the gender gap is increased with an age population. While in Belgium the difference between boys and girls is about 32 point in the PISA 2000 reading scale, within a particular grade, it is equal to 19 points on average.
Stimulus for the Reading Tasks
Both studies used continuous and non-continuous texts as reading stimulus, and a variety of types of texts. Differences between the two studies are slight at this level. There are no argumentative texts in IEARLS, but the effect of this on the relative performances of males and females is not known. Items based on narrative stimulus are less frequent in PISA 2000, and, everything being equal, it could somewhat reduce the gap between males and females as typically females read narrative texts more often than males, so they could be more familiar with the narrative texts. For instance, in PISA 2000, 15 year-olds were asked to report on the types of text they usually read:
Males report more frequently than females that they mainly read newspapers, magazines and comics rather than books (especially fiction). ... Conversely, across all countries, females ... identify themselves as reading newspapers, magazines, books (especially fiction) but not comics. (Kirsch et al, 2003, pp. 116-117) But many other aspects can counteract this influence -for example, content of the text, reading processes assessed, question format -consequently, it is difficult to assess exactly what impact this slight difference might have on the gender achievement gap.
Reading Aspects Assessed
In both studies, IEARLS and PISA, several reading aspects or processes are assessed. The items from IEARLS have been reclassified according to the categories used in the PISA 2000 framework. The categories used in the IEARLS were somewhat different (Elley, 1994) . For retrieving and interpreting, the proportions of items are more or less equivalent. No item is aimed at assessing the aspect 'reflect upon the text' in IEARLS.
Question Format
One of the most striking differences between the studies is the relative proportion of multiplechoice and open-ended questions. All IEARLS items have an 'objective' answer (multiple-choice or short answers which could be scored 'correct' or 'incorrect' without any interpretation from the markers). In PISA 2000, almost half of the questions are constructed as open-ended and the scoring relies on detailed correction procedures. IEA Reading Literacy (1991) PISA 2000 Target population Question format
Constructed open-ended 3 45 Table I . Differences between the IEA Reading Literacy Study and PISA 2000.
Review of the Literature
Extensive research has been dedicated to the effect of item format on achievement of males and females, including numerous studies attempting to address the question of test bias. According to a synthesis carried out by Bennett (1993) , 'several studies have found that relative to males, females perform better on constructed-response than on multiple-choice items ' (p. 20) and 'studies reviewed by Traub & MacRury, 1990 , also support this finding' (Bennett, 1993, p. 20) . While much research has supported this general finding (Mazzeo et al, 1991; DeMars, 2000) , other studies have shown that this pattern does not hold true in all subject areas. Mullis et al (2000) have analysed gender differences by item format in IEA's TIMSS (Third International Mathematics and Science Study). There were three different types of item format: multiple-choice, short answer and extended response. There were few significant differences: almost no significant difference for science and maths at Grade 4, and few differences at Grade 8; most of the differences were observed in the final year of secondary school. According to Mullis et al, 'results were not consistent across grades or subject areas, although there was a slight tendency at the upper grades for males to have outperformed females in more countries on free-response mathematics items and on multiple-choice science items' (Mullis et al, 2000, p. 98) .
Similarly, Routitsky & Turner, analysing PISA 2003 field trial data -mathematics items for a population of 15 year-olds in 42 countries -found mixed and nuanced results regarding the interaction between item format and gender:
Preliminary indications are that extended open-constructed response may favour girls and short answer questions may favour boys. However, as the item difficulty increases, the likelihood to favour boys for both open constructed response and short answer items increases. (Routitsky & Turner, 2003, p. 25) In addition, analyses conducted across all countries show that 'students of lower ability across all countries are on average doing better on the multiple-choice items than on both extended open constructed response and short answer items' (Routitsky & Turner, 2003, p. 26) . This last finding could explain why the interaction between gender and item format is nearly always observed in subject areas in which girls traditionally outperform boys (notably, reading and writing) and that results are less conclusive for subject areas in which boys traditionally outperform girls (mathematics and science).
This finding draws attention to the 'considerable potential for interaction effects' (Bennett, 1993, p. 23) as far as item format is concerned. The general pattern of interaction with gender could be modified depending on the subject matter, the item difficulty or the student's ability and even other aspects like content or cognitive process assessed.
Hypotheses
Firstly, according to the literature, we hypothesise that, as far as reading ability is concerned, the gender gap will be larger for constructed open-ended questions than for multiple-choice questions, in favour of females (hypothesis 1).
Secondly, as stated by Bennett (1993) , there is a 'considerable potential for interaction effects' (p. 23); it is therefore hypothesised that additional interaction effects may be observed. The gender gap for multiple-choice item and the gender gap for open-ended item could vary from a reading aspect (retrieve, interpret, reflect upon the text) to another one. As questions assessing reflection are cognitively more demanding than locate or interpret questions, the increase in the gender gap will be larger for the former aspect than for the latter (hypothesis 2).
Thirdly, the impact of question format may also differ according to the type of texts (continuous/non-continuous). One could assume that the gender gap for the different question formats will be more important for aspects in which males generally perform at a lower level then females. Consequently, we hypothesise that the gender gap according to question format will be larger for continuous than for non-continuous texts (hypothesis 3).
Analyses
The PISA 2000 released international database contains five subscales for reading literacy: (i) reading retrieve information, (ii) reading interpret, (iii) reading reflect, (iv) reading continuous texts and (v) reading non-continuous texts. The mixed coefficients parameters multinomial logit model as described by Adams et al (1997) was used to scale the PISA data and implemented by Conquest software (Wu et al, 1997) . This model is a generalised form of the Rasch model. For more details see Adams & Wu (2002) .
For the purpose of this article, 10 new reading subscales were generated according to the same model with, however, a few differences that have no impact on the results presented in the article: 1. The PISA 2000 initial subscales were generated according to a multidimensional model, i.e. the three reading aspect subscales were generated simultaneously in conjunction with the mathematics and science scales. The same model was used for the generation of the two text type subscales. This multidimensional model is required for obtaining unbiased estimates of correlations between scales. As such relationships are not part of this study, the 10 new subscales were generated according to a one-dimensional model. 2. To provide unbiased estimates of the relationships between contextual data and performance, the PISA 2000 initial subscales were conditioned on all student-level background variables. In this study, the contextual information used for conditioning was limited to gender. However, the conditioning also included the booklet identification for counterbalancing the booklet effect observed on the PISA 2000 data. For more information, see Adams & Wu (2002) . As for the PISA 2000 initial reading subscales, the combined reading literacy equation was used to transform the logit score on the PISA reading scale (with a mean of 500 and a standard deviation of 100).
The generation of Plausible Values was implemented at the country level.
The five subscales presented above were rebuilt but per item type, i.e. multiple-choice item and open-ended items. This ends up with 10 subscales. In other words, the 10 new subscales simply split the five initial subscales by item format. Tables II and III Table III and its associated chi-square. This unbalanced design therefore confounds the effect of item format and of reading aspect on the gender difference. In other words, if a higher gender gap in the reflecting subscale were observed, then it could not be directly interpreted as an effect of the assessed reading aspect, because there are more open-ended items for that aspect.
The numbers presented in brackets represent the expected number of items that would allow the interpretation of the differences of the gender gap between subscales as an effect of the reading aspect. The comparison between observed and expected numbers of items allows location of the imbalances. For the aspect 'interpret', multiple-choice items are proportionally more numerous (43 versus 29.8) than open-ended questions (21 versus 34.2). For the aspect 'retrieve information', the reverse is true: open-ended questions (24 versus 19.3) are proportionally more numerous than multiple-choice items (12 versus 16.7). As far as the aspect 'reflect' is concerned, open-ended questions are far more frequent (24 versus 15.5) than multiple-choice items (5 items versus 13.5). The imbalance, in this last case, is due to the extreme difficulty of writing closed questions that assess these specific skills.
It is therefore crucial to estimate the relative impact of question format and reading aspect on the gender gap achievement, which results in testing the hypothesis of an interaction between question format and reading aspect.
The comparison between the observed and the expected distribution of items per item format and per type of texts also shows some imbalances but quite a lot smaller than for the reading aspects.
Results
Before presenting the results of the analyses, the difference in reading proficiency between males and females in IEARLS 1991 and PISA 2000 will be briefly presented.
In IEARLS, on average, girls outperform boys by 7 points (p < .05) on a scale means 500, standard deviation 100. In 13 countries out of the 31, the gender difference is not significant (p > .05). There is no difference for non-continuous texts. The difference between boys and girls is equal to 3 and 18 respectively for informative texts and for narrative texts. The difference is therefore larger for narrative texts. No subscales are available for reading aspects/processes. Table IV presents the standardised gender differences on the PISA 2000 subscales (SD being equal to 1). As the international standard deviation was different for each subscale, the standardised difference has been preferred. In PISA 2000, the average difference between males and females is 32 score points; the difference is statistically significant in every participating country and ranges from 14 score points (in Korea) to 53 score points (in Latvia). The gap between males and females is larger (in favour of females) for continuous texts, as in IEARLS; and larger for the aspect 'reflect upon the text' than for 'interpret the text' and 'retrieve information'.
The gender gap is obviously larger in PISA 2000 than in IEARLS (1991) . To what extent can this 'growing' gap in reading proficiency between males and females be explained by influential parameters of the framework, namely the respective proportions of multiple-choice and openended questions?
Let us turn now to the results of those analyses. In all countries, the standardised gender difference is higher for the open-ended items than for the multiple-choice items. The median of these standardised gender differences is respectively 0.20 and 0.28 for the multiple-choice item scale and for the open-ended scale. The first hypothesis is thus confirmed, showing that the gender gap in favour of females is larger for open-ended items than for multiple-choice items.
However, there are large differences in the country profiles. The relative increase of the standardised difference (i.e. the standardised difference for multiple-choice items divided by the standardised difference for open-ended items) between males and females when shifting from all multiple-choice to all open-ended questions varies between 14% (in Portugal) and 114% (in Korea). On average among participating countries, it reaches 52%. To put it another way, moving from an assessment of reading comprehension with 100% multiple-choice items to an assessment balancing multiple-choice and open-ended items obviously will have an impact on the width of the gap between males and females.
However, due to the lack of independency between item formats and reading aspects in PISA 2000, further investigations are needed. We have also seen in Table IV that the PISA gender gap is larger for the aspect 'reflect' than it is for retrieving information or for interpreting. Unfortunately, no question in IEARLS specifically addressed this aspect, another difference in the framework which could account for a larger gender gap in PISA.
Retrieve
Interpret Reflect MCQ Openended As shown by Table V , the gender differences vary according to the item format and according to the reading aspect. As expected, the smaller difference is associated with the retrieve aspect assessed only by multiple-choice items and the highest is associated with the reflect aspect assessed only by open-ended items. The influence of reading aspect and item format on gender difference is quite substantial as it can range from a standard deviation of 0.19 to 0.47. These results confirm the second hypothesis, i.e. the impact of question format on the gender gap is higher for the aspect 'reflect' than for 'interpreting the text' and for 'retrieving information'. Although at first glance Table V results would suggest that item type has a stronger influence on the 'reflecting' aspect than on the two other aspects, such an interpretation would be tenuous as the 'reflect /multiple-choice' scale only consists of five items. To estimate the relative impact of the different factors at work, a variance decomposition of the gender differences has been performed on the six reading aspect subscales and on the four text type subscales. The analyses had to be performed independently because there would have been too few items per cell if the aspect, the text type and the item format had been crossed. In both analyses, the dependent variable was the non-standardised gender difference. The first analysis includes as independent variables reading aspect and item format. The second analysis includes the text type and the item format. The country was also added to both analyses for controlling that potentially influential source of variation. First of all, even if the country effect substantially varies between the two analyses (respectively 40% and 21% of the total variance), it remains in both cases below 50%. In other words, the gender difference is not only a country characteristic; it also depends to a large extent on test characteristics and their potential interactions with the country variable. It does prove that this equity indicator should not be interpreted in absolute terms but it is related to the assessment framework. Concretely, one can manipulate the size of the gender gap, depending on what is included in the test.
The text type appears to have the larger effect on the gender differences. More than 50% of the variance is attributable to the text type. In other words, the best way to maximise the gender gap is to only include continuous texts, while including only non-continuous text would minimise it. The reading aspects also substantially influence the size of the gender gap. The item format and its associated interactions explain about 20-30% of the gender differences observed in the countries.
Finally, the different interactions that involve the countries count in both variance decompositions for less than 15%. It means, on average, that if a country presents a substantial gender gap for one subscale, the gender gap will also be substantial for the other scales and vice versa.
Conclusions
The aim of the present study was to explore the impact of some of the test characteristics, especially the question format, the reading process and the type of text, on gender gap in reading literacy comparative assessments. The hypothesis of an interaction between item format and gender is supported by the data in each of the 31 participating countries: the gap in reading proficiency between males and females is larger for open-ended than for multiple-choice items. This finding is congruent with the literature review.
The hypothesis of a modulation of the pattern of interaction between gender and item format by the reading aspect assessed is also partially supported by the data. On average among countries, the impact of question format will be larger for the aspect 'reflect upon the text' than for 'interpret the text' and 'retrieve information'. This finding nevertheless has serious limitations and should be regarded with caution, due to the small number of items in some of the cells (five multiple-choice items only for the aspect 'reflect').
The variance analysis carried out in order to disentangle the effect of item format from other confounded variables (mainly the reading aspect) clearly shows that the reading aspect has a larger impact (24% of variance explained) than item format on the difference in reading achievement between males and females. But item format also makes a striking difference (16% of variance explained).
Also, the type of text appears to be one of the major factors contributing to gender differences (53% of variance explained). This result is not surprising and can be related to the differences in written material regularly read by males and females respectively.
Coming back to the initial question behind this study -has the gender gap grown between 1991 and 2000 or is it an artefact? -one can argue on the basis of the findings that the decrease of the proportion of multiple-choice items between IEARLS and PISA has potentially influenced the growth of the gender gap. On average, a test composed of 100% of open-ended items will lead to a gender gap 53.6% larger than a test including only multiple-choice items. The impact of item format on gender differences is worth considering.
Moreover, another parameter of the framework -the reading aspects assessed -also accounts for about a quarter of the variance of the gender gap achievement. But the type of texts especially affects the gender gap as it accounts for more than half of the variance of the gender gap. Additional research is now needed to explore in more depth the reasons for the apparent growth of the gender gap in reading proficiency between the early 1990s and 2000.
Furthermore, Monseur & Lafontaine (2006) have shown that the choice of the population definition in terms of grade versus age also has a limited but significant impact on the width of the gender gap in educational systems with high retention rates. Taken together, those various methodological choices constituting the framework for the assessment influence to quite a large extent the width of the achievement gap in reading comprehension between males and females. Indicators of gender equity based upon assessments which have made different methodological choices are not obviously comparable. Before considering that the gender gap noticed in PISA is of serious concern, one has to consider carefully the nature of the reading tasks administered to the students. Another reading assessment, assessing different tasks, with different stimulus and/or different item format could have led to quite divergent conclusions on the respective reading proficiencies of males and females.
Recently, the organisations (IEA, OECD) in charge of international comparative assessments have come to a turning point, moving from an agenda based on isolated surveys to an agenda aimed at measuring trends through repeated cycles (PISA, TIMSS-R, PIRLS). This new perspective opens the way for truly comparable assessments and no doubt constitutes substantial progress in monitoring education systems on reliable grounds. However, the reading experts and test developers in charge of those assessments should be careful to guarantee a similar balance of the various components of the reading framework in successive assessments; otherwise the validity of the trends indicator is likely to be jeopardised. If, for instance, the PISA 2009 reading were to include more 'reflect' items or, especially, more continuous texts or more open-ended items, it would clearly result in an increased gender gap compared to the PISA 2000 assessment. Of course, some powerful considerations or arguments could or should lead to revision of the framework. In conclusion, we want to stress the importance of carefully arbitrating the advantages and disadvantages of changes and adaptations between successive assessments. Weakly founded modifications should definitely be avoided.
